By measuring the Balmer-alpha emission for deuterium, Doppler-shifted spectroscopy (DSS) can give relative fractions of the ions D+, D2+, D3+ (species mix) produced by the DIII-D neutral beam ion sources. The species mix varies with beam energy, arc power, gas flow rate, and time within a beam pulse. The full energy species fraction gets larger and tends to become constant with increasing beam energy while the third energy species tends to decrease. Varying the neutralizer flow rate between 0 and 20 torr-t/sec causes the full energy species fraction to decrease by -0.04 in favor of more third energy particles. Measurements made at various times within a beam pulse showed that the species fraction normally varies by about 0.02 but can have a variation of as much as 0.14. The effect of the beam parameters on the species mix varies slightly between ion sources. Each of the beam species has a different neutralization efficiency. Thus, the neutral beam power injected into the tokamak depends on the species mix. The neutralization fraction (and the total injected power) obtained using beam species as measured by DSS at a beam energy of 80 keV is 4% lower than previously believed. This difference becomes smaller with decreasing beam energy until they converge at 50 keV.
INTRODUCTION
Beam species measurements are taken in the region of the neutralizer for each of the eight ion sources in the DIII-D neutral beam system. The ion sources are arranged in four beam lines, two sources for each beamline. These measurements are made optically by detecting the Balmer-alpha emission of the deuterium ion beam and background gas within the neutralizer cell. The degree to which the beam species changes when various ion source operational parameters are varied is investigated. These parameters include the beam energy, perveance, and the gas flow rate into both the source and the neutralizer. There is also a relatively large variation in the beam species with time.
OVERVIEW OF DATA ANALYSIS
A typical DSS data scan for a neutral beam shot is shown in Fig. 1 . This waveform, taken over an interval of 0.3 sec, is a composite of four different sources of Balmeralpha emission from deuterium. (1) The unshifted D, peak is from the background gas in the neutralizer. This excited but unaccelerated gas has two sources, first is The width of the individual peaks is due to three factors. These factors are instrumental response, thermal broadening, and divergence of the energetic beam. The beam divergence has an effect on the width that is eight times larger than that of the instrumental response and four times larger than that of thermal broadening.
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Before the analysis begins, the raw data is corrected for detector dark current and individual pixel sensitivity.
The central unshifted D, signal must then be subtracted out of the data because it has a large tail in the region of the species peaks (see Fig. 1 ). This signal is due to the neutralizing gas D, line being broadened by both the thermal motion of the gas and the instrumental response.
Both of these effects are symmetric about the D, line.
Thus, the signal can be reflected about the D, line and subtracted leaving the Doppler-shifted signal from the energetic beam. Hydrogen gas mixed in with the deuterium will throw off this symmetry (the wavelength of Ha is 1.9 A greater than the wavelength of Da). So if there is too much Hz or water vapor within the neutralizer cell, then this subtraction is not valid. Four Gaussians are fitted to the data (the background signal has been demonstrated to be a good fit to a Gaussian) after the central D, subtraction. The fitting subroutine is written in "C" and uses the LevenbergMarquardt method which requires an initial guess. The guess routine uses a combination of the beam energy for the shot, the values of certain points within the data to be fit, and constants gained by trial and error. Fig. 2 shows a typical fit.
The species mix is now calculated using the three species Gaussians. The species fraction is proportional to
A/(+)
[l] where A is the area of the Gaussian and i is 1, 2, or 3, depending on whether the particular species is full energy, half energy, or third energy. Using the thick target approximation, the effective D, light production cross-section for each species can be written as where ur" is the neutralization cross-section, U?" is the reionization cross-section, uEpt and ayt are the optical excitation cross-sections.
EFFECTS OF ION SOURCE OPERATIONAL PARAMETERS ON T H E BEAM SPECIES
The species mix varies with beam energy as shown in Fig. 3 . This figure shows the consistency of the data collected through two days of operation. As seen in the figure, the full energy species fraction changes by 0.125 over a range of 35 keV. The peak-to-peak error is about 0.04. Fig. 4 shows the beam species when the perveance (defined by the ratio of the extracted beam current to the beam energy) is varied with the beam energy held to 60 keV. This results in a change of 0.035 in the full energy species fraction over the 0.28 pp range in this scan. Fig. 5 shows the full energy species fraction as a function of arc power for both a beam energy scan and a perveance scan for beam energy held at 60 keV. It can be seen here that the fractional beam species is a function only of arc power when either the beam energy is varied or the perveance is varied. Note that the peak to peak error is about 0.02 in comparison to the 0.04 error found in Fig. 3 . In the scan shown in Fig. 6 , the neutralizer gas flow rate was varied fiom 0 to 20 torr-[/sec (the normal neutralizer gas flow rate is 10 torr-l/sec). This resulted in a steady decrease of the full energy species fraction of 0.04 over the 20 torr-l/sec range of the scan. In Fig. 7 , the source gas flow rate was varied from 20 torr-!/sec (the normal source flow rate) to 30 torr-!/sec (the neutralizer flow rate was held at 10 torr-!/sec) with a resulting steady decrease of 0.029 in the full energy species fraction. Notice that this is a larger effect than for the variable neutralizer flow for a total gas flow rate change of 10 torr-l/sec. The source flow scan was associated with Source Gas Flow Rate (torr l/sec) FIG. 7 . Beam species as a function of source gas flow rate with the beam energy held at 75 keV and the neutralizer gas flow rate held at 10 torr-t/sec.
an arc power change of 4.5 kW. Over the same a.rc power change at the same beam energy, the full energy species fraction would be expected t o change by 0.020 instead of 0.029. Thus, both the arc power and the gas flow rate will change the beam species. The beam species mix as a function of time was obtained every 30 msec on shots of 1.2 sec duration (see Fig. 8 ), and several things are noteworthy. First, there is a slow but steady increase in the full energy species. This is matched by a steady decrease in the thud energy species. The second thing of note here is the periodic nature of the beam species with a frequency wrying i n the neighborhood of 4 Hz. This variation in the full energy species fraction usually has a peak to peak amplitude of about 0.02 but has been observed to be as large as 0.14 as seen here. Finally, even though it is not easily seen here (because of the larger than average amplitude of the periodic signal), the third energy species has an initial sudden decrease (from &bout 0.07 down to 0.05) within the first 120 msec. This initial decrease s e e m t o be independent of the magnitude of the species oscillation.
Data has also been taken within the drift duct which links the beamline and the DIII-D tokamak. The background portion of the signal has decreased by a factor of 7.1 in relation to the species. Thus, the background contribution to the signal in the neutralizer is from highly divergent ions which are scraped off by successive collimators within the beamline. The beam species as measured in the drift duct is comparable to that measured in the neutralizer. The full energy species fraction, as measured in the neutralizer, is within 0.007 of the measurements made in the drift duct. This justifies the use of the thick target, approximation for our normal gas flow rates.
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